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A study  of  sediments  from  the  FAMOUS  area  near  3^50^  N latl- 
tude  on  the  Mid-Atlantic  Ridge  reveals  a great  range  of  physical,  chem- 
ical, and  biological  parameters  over  a small  area  of  the  sea  floor. 

Inside  the  rift  valley,  sediment  cover  patterns  reflect  asymmet- 
rical spreading  rates  and  general  transport  of  sediments  from  topo- 
graphic highs  to  low  areas.  A clear  relationship  between  grain  size 
and  depth  can  be  described  by  a simple  linear  function,  with  pro- 
gressively finer  sediments  found  at  greater  depths.  The  primary  mech- 
anism responsible  for  this  distribution  is  thought  to  be  gentle  gravity 
transport  of  finer  sediment  fractions  which  are  resuspended  by  blo- 
turbation.  Episodic  processes,  such  as  slumping,  are  believed  to  be 
less  important  to  observed  grain-size  patterns  than  this  slow  but 
continuous  process.  Bottom  currents  are  also  active  in  the  rift  val- 
ley, but  their  primary  effect  is  the  localized  formation  of  transient 
ripple  and  scour  features. 

The  CaC^,  content  is  anomalously  low  in  rift  valley  sediments, 
probably  because  of  dilution  of  calcareous  sediments  by  volcanic  debris. 
The  high  clay  content  in  rift  valley  sediments  suggests  that  this  com- 
ponent is  mainly  very  fine-grained. 

An  examination  of  benthic  foraminifera  in  the  FAMOUS  sediments 
reveals  surprisingly  high  variability.  Porcelaneous  forms,  particularly 
Splrolocullna.  area  especially  prominent  at  the  rift  axis.  A highly 
localized  concentration  of  Rupertia  near  FVacture  Zone  A may  possibly 
be  related  to  a hydrothermal  circulation  system. 
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INlRODUCilON 

FAMOUS  w.is  .III  liUi-nslvf  Ntudy  ol  ttu-  axial  atoa  v'(  thf 
Mid-Atlantic  RIJrc  botwci'n  36‘'d0'  and  37^’  N latitude's  (llolrtslcr  and 
van  Andcl,  1977).  Tho  study  culminatfd  In  1*174  with  a sorlcs  ol 
m.inm-d  suhmorsiblo  dives  in  the  Inner  rift  valley,  usieig  the  highly 
sophisticated  DSKV  Alvin  (B.ill.ird  and  v.in  Ardel.  1977a).  Bv  util- 
izing a variety  ot  newly-developed  navigational,  bathymetric,  photo- 
graphic, and  s.impling  t echn  i i|iies , I'ro.lect  FAMOUS  .uhieved  a prevlously- 
unknown  degree  of  resolution  ot  deep-sea  data.  One  of  the  be-neflts 
was  the  first  opportunity  to  study  I'n  a fine  sc.de  the  local  and  re- 
gion.il  sed  ime'nt  .iiy  env  i ri'nment  s assi'cl.Ued  with  .t  inlil-oce.in  rift. 

Tlds  study,  based  on  analysis  of  iill  .iv.i  i 1 jibl  e s.iniples  t rom  the  jegion, 
is  .limed  .it  uiult'r  s t .iiul  ing  the  det.iils  of  sediment  vllst  r f but  ion  and 
sedimentation  pri’cesses  on  new  oceanic  crust  in  the  FAMlH'S  ai«M. 

l.oca_t_ion  and  geolcigic  setting  ot  sample_s 

Sediments  sampled  at  thii'i'  diifetent  scales  were  .iv.i  i 1 .ib  le . Ovt'r 
the  region  surrounding  the  Mid-Atlantic  Riilge  b«'twe«'n  L’S*'  .md  4S‘'  N, 
the  RV  Verna  collected  over  forty  s.iraples  (Fig.  1).  Thi'  .irea  Includes 
several  thousand  kilometers  of  the  African-North  Aim'rtc.in  plate 
boundary,  which  trends  nor  t h-nort  hi-ast  .mil  is  offset  by  nunu-rous  east- 
west  trending  fracture  zones. 

The  FAMOUS  area,  located  about  400  km  southwest  of  the  Azotes, 
was  sampled  by  the  RV  Rnorr  in  1973  in  the  general  vicinity  of 
Fracture  Zones  A and  B (F'lg.  2).  This  portion  of  the  Mid-Atlantic 


Ridge  axis  is  characterized  by  a w«'l  1-developed  rift  v.'il  ley-rlf  t 
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Figure  1 


Location  of  samples  collected  by  RV  Verna  in  eastern  North 
Atlantic,  showing  relation  to  FAMOUS  area  (small  box  in 
center) . 
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inmiiit  .1  ill  systrm  whlci  Is  oltsit  by  sluirt  ("“JO  kni)  Ir.ictiiii-  /I'r.i'S 
which  art-  i\ot  or  t lu'y.imal  to  the  sprracliiij;  axis  (Macdoii.i  1 d ct 

al. ,  1973).  The  rld^e  rises  1000  m above  the  surrounding  sea  floor 
and  contains  distinct  provinces  of  varied  and  rugged  terrain. 

A small  segmi'nt  of  t hi-  inner  rift  v.illey  around  3t)^’30'  N lat. 

w. is  invest  ig.it  ed  by  the  submersible  Alvin,  collecting  samples  from 
about  twenty-five  acoust  ical  ly-posit  loned  stations  (Kig.  3).  Volc.anlc 
activity  and  tectonic  processes  are  reflected  in  the  complex  morphol- 
ogy of  the  inner  valley  (Ballard  and  van  Andel,  1977b).  The  inner 
floor  is  .ibout  2 km  wide  and  asynnraet  r ic , with  its  west  wall  consid- 
erably steeper  than  the  east  wall  (Kig.  3).  Major  topographic  fea- 
tures comprise  a central  volcanic  high,  flanking  imirginal  depressions, 
m.irginal  highs,  and  the  valley  walls  (Macdonald  et  al.,  1973).  Sedi- 
ments are  thin  (up  to  a few  meters)  throughout  the  inner  rift  v.illey, 
and  arounil  the  volcanic  axis  much  of  the  new  crust  is  totally  ex- 
posed . 
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Figure  3.  Inner  rift  valley  topography  with  Alvin  sediment  sample 
stations  marked  by  large  dots.  Dashed  line  represents 
inferred  rift  axis.  (From  Bryan  and  Moore,  1977.)  Bathy- 
metric contours  (after  Ballard  and  van  Andel,  1977b)  in 
me  ters . 
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c;kni:kai.  distriiuitidn  ok  skdimknts  insidk  thk  kiki  vai.iky 

A dotal  led  map  o£  sodlmont  covor  liiKldo  t ho  rHt  valloy  was  i on- 
stnu'tod  In  ordor  to  study  rolat  ionslilps  to  physical  aiul  tocti>nlc 
paramo  tors. 

Tho  data  for  t ho  map  como  1 rom  ahont  SOOO  hot  tom  pilot  I'p.i  aphs 
takon  by  t lio  II. S.  Navy's  I.IKK.O  (Mp.ht  BKhind  t'anuM.i)  system  l(.o«‘ 
Brundago  and  Chorkls,  l‘J7.S).  Tho  snri  aco-towod  unit  Inclmlos  a 
70  mm  camoia  with  a soawator  local  lonytth  of  40. A iimi.  With  dist.inco 
off  tho  bottom  avoraglnj;  10-1'>  m,  each  photi'piaph  ciwors  an  area 
approximately  22  m across.  Oovoiam'  along  a given  track  is  contin- 
uous, with  successive  photographs  overlapping. 

Kor  each  photograph,  tho  percent. igo  ol  the  .in-a  coveted  bv  sedi- 
ment was  determined  by  point-counting,  using  a variable  gtid,  depeiul- 
ing  on  the  co.arseness  of  sediment  distribution  p.itterns.  Aftei  abi'ut 
SOO  photographs  wi're  analyzed  in  this  m.iniu'1  , it  w.is  ;:omet  Imes  possi- 
ble tti  estimate  sediment  cov‘.'r  directly  with  1 requent  clu-cks  by 
point -count Ing. 

The  ct'verage  ilata  wt'i  e plot  t ml  aliuig  cameia  t r.tcks  and  then 
contmired  to  prtnluce  a map  of  sediment  ci>ver  for  tin-  inner  rift  v.illev 
between  3()‘’48'  N and  lb‘VS0'  N (Kig.  A). 

The  map  has  st'veral  limitations: 

1 ) I’hot  ographs  were  frequently  of  poor  quality,  es\>t  lally  aliuig 
some  of  the  e.irlier  tracks,  which  made  it  difficult  I'r  impossible  to 
estimate  s»-diment  eover.  Never  t Iw  1 ess , more  than  .1700  data  points 
within  this  small  area  (about  9 km^)  are  of  sat  i sf  .ii-t  ory  <|uallty. 
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2) It  is  difficult  to  cv.tluaif  the  accur.’uy  of  the  m4-ttiod  used 

to  estimate  the  perceutat;e  of  sediment  cover.  Ti>e  estlm,ites,  however, 
are  consistent,  having  all  been  made  by  the  same  person.  Thus,  there 
is  a high  degree  of  confidence  in  relative  percentages,  which  are 
the  most  useful  for  this  study. 

3) Data  on  sediment  thickness  are  sparse,  but  appear  to  vary  from 
zero  to  a few  meters  within  the  valley.  For  thin  sediments  on  irreg- 
ular basalt  terrain,  however,  the  .amount  of  coverage  is  a fairly 
good  reflection  of  thickness. 

Since  the  age  of  the  terrain  Increases  laterally  away  from  the 
spreading  axis,  a sediment  cover  of  increasing  continuity  and  thick- 
ness must  be  expected.  Such  a pattern  is  Indeed  observed  (Fig.  4) 
and,  corresponding  to  a m.irked  asymmetry  in  spreading  rate  (1.0  cm/yr 
west  and  1.35  cm/yr  east;  Ramberg  and  van  Andel,  1977),  the  most 
continuous  cover  occurs  at  the  foot  of  the  west  wall  on  oldest  crust. 

The  newly  extruded  oceanic  basalt,  nearly  entirely  in  the  form 
of  pillow  basalts,  has  a pronovinced  microrelief  on  several  scales, 
ranging  from  a few  hundred  rai-ters  for  Individual  volcanoes  to  several 
meters  for  portions  of  a flow  on  the  scale  of  the  individual  LIBKC 
photos.  Thus,  complete  blanketing  with  si'diments  will  he  achieved 
on  this  scale  only  with  several  meters  of  st'dlment.  A pelagic  sedi- 
mentation rate  of  abovit  2.9  cm/10^  yr  has  been  inferred  for  an  un- 
disturbed core  in  the  rift  valley  (Nozakl  et  al.,1977),  a value  in 
good  agreement  with  a gi-neral  estimate  for  the  Neogene  of  1-3  cm/10^ 
yr  (Berger  and  von  Rad,  1972).  This  would  Imply  an  undisturbed  thick- 
ness of  about  3.5  m at  the  «'astern  m.irgin  of  the  rift  valley  and  5.1  m 


1 J 

.It  thi'  I'.isf  of  t fio  wi'st  w.i  1 1 , iisln>’,  ciustol  t i I'in  H.illarii  .mil 

van  Aiulol  (1977b),  or  a lu’.irly  comploio  oovor  of  norm.il  pillow  basalt 
microrol lef . 

Kvon  on  or  near  tbo  rift  axis,  the  sediment  cover  is,  at  times, 
ci'inplete  on  the  scale  of  one  or  more  I.IBEC  photos,  Implvlnp,  a thick- 
ness of  sever.'il  meters.  'Hils  Is  the  result  tif  erosion  .ind  reiieposl- 
t Ion . 

In  general,  sediment  is  tr.insported  from  relative  topographic 
highs  to  surrounding  low  areas.  On  the  scale  of  the  entire  rift 
valley,  the  results  of  transport  are  deviations  from  the  simple  age 
relations  discussed  above.  niese  can  best  be  seen  .along  the  central 
volcanic  ;:one  (Kig.  A).  'IVo  prominent  areas  of  negligible  sediment 
cover  correspond  to  Mt  . Venus  aiui  Mt  . I'luto,  two  volcanic  highs.  The 
low-lying  region  between  them,  which  is  approximately  the  same  age, 
is  much  more  heavily  sedimented  as  a result  of  lii'wnhill  transport. 

'Hie  mech.inisras  controlling  sediment  redistribution  ar»'  discussed  in 
more  iletail  below. 

The  anomalously  sparse  sediment  rone  along  the  west  wall  mostly 
represents  talus  slopes  (for  this  study,  t.ilus  w.is  not  included  with 
sediments)  where  talus  .lecumul a t ion  rates  exci'ed  those  of  pelagic 
sediment.  They  are  nearly  ubiquitous  .ilong  the  stec'p  west  wall,  but 
less  common  along  the  more  gently  sloping  east  wall  of  the  rift 


va 1 ley . 
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SKniMKNl  Th-MUKK 

Sodlmfnt  aiutlysos  woro  carrioil  oxit  on  nil  s.iinplx's  shown  on  Fl{;s. 
1-3  at  t hx'  soilimx'nt  laboratory  I't  the  Si'hool  of  Oi'x'anixj’.raphy , Orojton 
State  University.  After  splitting;  the  s.imples  Into  sanxl  (>h3  mliions), 
silt  (fi3-4  microns),  .iin)  clay  (<  4 microns)  fractlixns,  ^rain-sin*  dis- 
trilnit  ions  were  xletcrrained  with  the  .iiitom.ited  system  xU'serihed  hy 
Thiede  et  al.  (I97h).  Calcium  c.irhi'natx'  cx>nt»'nt  w.xs  xlet x'rraim'xl  with 
a LKCO  carbon  analyser. 

The  sediments  are  calcareims  f oss  i 1 i f enxxis  iH'rx'S  . The  f inx'r 
fractions  appear  to  be  composed  l.irgely  of  coccollths  and  small 
pl.inklonic  f oramin  i f era , as  well  .is  fragments  of  lar>;er  individxials. 

Tlie  s.ind  frai-tlon  w.is  ex.imiixx'd  xnxder  .i  micix'scope  and  found  to  com- 
prise the  fx'lUxwinjt  three  mali'r  ci’mponents: 

l)Piop,enlc — approximately  of  e.ich  sample  consists  of 

planktonic  foraminifer.i.  Common  spi'cies  idx'nt  i f ix'xl  .ire  C K'b  i c.ei  in.i 
bxilloixle^,  G.  rubra,  GKxbig^er  imxiili's  s.iccn  1 i f er  , tl  U''lH'>ri't  a I ia  htr- 
snta,  G.  inf  lata,  G.  sc  i t nla , G.  t rnneat  xi  1 Ixxxx  Ixles , .inxl  Orbvil  in.x  xnxi- 
versa , in  aiKlltion  to  xinlxlent  if  ied  spi'clx's  I’f  G1 1'bx'nnaih  ina , llasti- 
gerina,  aixxl  Nt'oj^U'vln>i^n.idriixjX . I, ess  than  11  x’f  cMch  f o r.imi  n i f x'la  1 
assembl.ipa'  ci’nipcxsed  of  bi’nthic  speclx's,  which  are  p.ener.illy 
slightly  larger  than  most  of  the  planktonic  i ml  i v i ilxi.i  1 s . Other  bio- 
genic cixmponents  include  simi  1 1 , but  v.irying,  percx'xxtages  I'f  radtix- 


larla,  .sponge  spicules,  pteropods,  ostracx'ds,  and  t ixxy  mollusca. 


In  si'iiu'  .iii'.is  nt  till-  liiiuM  rltt  v.ill»'v,  lU-iist'  ['.itclu-s  ol 
I'l'il  drhrls  .lie  ol'so  I vfil  to  li'rm  llutfy,  lu’.it  ly  noiit  ra  1 1 v-lnioyant 
deposits  whii'h  appt'.ir  to  "float"  ahewo  t ho  othor  sodlmonts.  Thoso 
deposits  aio  not  so«‘»  lii  the  cores  because  thev  tend  to  disperse  so 
easily  when  disturbed.  Tlie  pteti'pi'd  shells  are  comnu'nlv  stained 
strongly  with  Mn-hvdrox ides  and  will.  In  part,  be  much  older  than  the 
underlying  si-diments,  because  it  is  likely  that  the  rain  of  pelagic 
nuiterl.t!  easily  p.isses  through  the  pteropod  layer.  Tlie  d<*pt'sits  ap- 
pear to  be  «>xcept  ions  to  norm.il  gr.iin-slze-rel.ated  processes  of  sedi- 
mentation, mixing,  and  tr.insport. 

2)Volc.inlc — close  to  the  rltt  axis,  volcanic  debris  is  very 
comm.'n,  cv'mprising  .1  tew  p«'rcent  ot  some  s.imples.  O.trk  pumice  fr.ig- 
ments  up  to  O.S  cm  actoss,  and  cleat  to  smoky  glass  sh.ards,  perh.ips 
spalled  ot  t cooling  bas.tlt  crust,  .ire  included  In  the  sand  fraction. 

J)  Hvdi  ot  hot  ra.i  1 .1 1 1 «'r.it  li'ii  ptoducts--,i  purplish  m.ingancse  st.iln 
fteipuMUly  CiMts  st'dinu'nt  Cv'mponents,  .ind  is  I'specl.illv  evidt'nt  I'n 
larger  biogenic  gr.ilns  and  yv'lcanic  ash  close  to  the  rilt  axis.  The 
pumice  tr.igments  otten  take  on  .1  bright  yellow  to  red  tint  as  a re- 
sult of  these  .a  1 1 erat  Ions  . 

Relations  to  topography 

The  gi.iin  sl/e  of  the  seillnu'nts  c.in  be  expected  to  be  a function 
of  the  sire  of  the  various  compi>nents  .ivallable,  modified  by  selective 
tr.insport  after  re.ichlng  the  sea  floor,  and  by  dissolution  of  car- 
bi'n.ite.  A cle.ir  lndic.it  ion  of  the  lelatlon  between  sire  and  are.s  of 
lieposltion  c.in  be  seen  in  the  dependence  of  the  s.ind-sire  fraction 
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on  depth  in  the  three  regions  of  study,  thi-  Inner  rift  valley,  thi- 
general  FAMOUS  area,  and  the  eastern  North  Atlantic. 

It  is  obvious  from  Table  I that,  within  the  Inner  rift  valley, 
with  samples  ransius  i»  depth  from  2526  m to  2750  m,  there  is  no  cor- 
relation between  percent  sand  and  depth  (R  “ -O.OA).  Direct  obser- 
vations from  Alvin,  however,  indicate  on^oiuR  small-scale  sediment 
transport  by  several  mechanisms,  as  discussed  below.  Average  grain- 
size  values  for  this  area  fit  very  well  with  regional  trends  observed 
below. 

In  the  FAMOUS  .area  as  a whole,  within  a depth  range  of  1967  m 
to  3165  m,  the  sand  fraction  clearly  decreases  with  depth  (R  * -0.82). 
Tl>e  best-fit  linear  regression  function  is 

S » -0.05  (D)  + 16A.52 

where  S = percent  sand,  and  D = depth  in  meters.  This  simple  model 
serves  very  well  to  predict  grain-size  distribution  on  this  inter- 
mediate scale  (Fig.  5). 

In  the  eastern  North  Atl.mtic  .area,  s.impU'd  from  1033  m to  5596  m, 
the  model  is  once  again  Inapplicable.  There  is  a significant  corre- 
lation between  depth  and  percent  sand  (R  » -0.57),  but  the  relation- 
ship may  not  be  linear,  and  there  is  a much  wider  scatter  of  data. 

Tlie  value  of  R is  probably  inflated  by  the  inclusion  in  the  data  of 
sever.al  deep  samples  with  very  low  sand  content.  Since  these  s.^mples 
lie  below  the  calcite  compensation  depth  (CCD)  (Berger  and  Winterer, 
197A),  reduction  of  average  gr.ain  size  through  dissolution  is  super- 
imposed on  the  physic.al  processes  of  sediment  tr.ansport. 
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TABLE  I 

Correlation  of  sand  percentage  witli  depth  of  deposition.  R is  least 
squares  correlation  coefficient  for  depth  versus  percent  sand-sized 
HLiter  ial . 


Region 

R 

inner  rift  valley 

-O.Oi. 

FAMOUS  area 

-0.82 

eastern  North  Atlantic 

-0.57 

! 

I 

J 
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The  observed  correlations  between  topography  and  grain  size, 
in  conjunction  with  evidence  collected  during  submersible  dives  and 
from  LIBEC  photos,  suggest  that  several  mechanisms  are  responsible 
for  sediment  distribution  patterns.  The  dominant  trend  appears  to 
be  transport  of  finer  sediment  fractions  from  relative  topographic 
highs  and  redeposition  in  lower  areas.  The  data  above,  which  sug- 
gest this  preferential  movement  of  silt-  and  clay-sized  material 
downslope,  are  abundantly  supported  by  observations  from  Alvin. 

It  is  clear  from  past  work  that  redeposition  of  deep-sea  sedi- 
ments occurs  on  a regional  scale  (Ericson  et  al.,  1955,  1961). 

Studies  in  the  Panama  Basin  demonstrated  that  winnowing  of  finer 
material  from  ridge  crests  and  redeposition  in  basin  deeps,  and  lat- 
eral transport  by  tidal  currents  are  important  in  determining  sedi- 
ment distribution  patterns  (Moore  et  al . , 1973;  van  Andel,  1973). 

DSDP  results  from  the  eastern  North  Atlantic  indicate  that  redepo- 
sition plays  a major  role  in  the  initial  formation  of  pelagic  lime- 
stones and  cherts  (Berger  and  von  Rad,  1972).  A study  of  ponded  sedi- 
ments on  the  flanks  of  the  Mid-Atlantic  Ridge  suggested  that  turbidity 
currents  rebounding  from  valley  walls  are  responsible  for  significant 
sediment  transport  (van  Andel  and  Komar,  1969). 

Inside  the  rift  valley,  however,  there  is  no  evidence  that 
turbidity  currents  are  significant  in  redepositing  pelagic  sediments 
(Tj.H.  van  Andel,  personal  communication),  probably  because  too  lit- 
tle sediment  has  accumulated  as  yet  on  the  new  crust.  Instead, 
observations  from  Alvin  indicate  that  bioturbation  and  gentle  grav- 
ity transport  of  resuspended  material  continuously  rework  the  sedi- 


ments in  association  with  bottom  currents. 


The  importance  of  these  relatively  subtle,  non-eplsodlc  pro- 
cesses of  sediment  redistribution  has  been  postulated  for  abyssal 
hills  regions  by  Berger  and  Piper  (1972),  who,  however,  considered 
mass  slumping  more  important  in  areas  of  great  relief.  In  the  FAMOUS 
area,  however,  where  slumping  was  seen  especially  on  steeper  slopes, 
the  Alvin  data  strongly  indicate  that  benthic  stirring  plays  a much 
larger  role  than  previously  recognized. 

The  abundance  and  distribution  of  faunal  trails  and  burrows 
indicate  that  the  upper  few  centimeters  of  sediment  are  continually 
being  reworked.  Evidence  for  benthic  faunal  activity  is  widespread 
and  varied.  Observers  noted  tracks,  trails,  mounds,  and  burrows  in 
large  numbers  througnout  the  inner  rift  valley  (see  Ballard  and  Moore, 
1977,  pp.  31,  103  for  pictures  of  animal  tracks).  Commonly  noted  al- 
so were  small  avalanches  which  could  easily  be  caused  by  organisms 
burrowing  on  sedimented  slopes.  Holothurians  were  frequently  sighted, 
often  in  large  groups,  but  in  general  the  creatures  responsible  for 
stirring  up  the  sediments  were  themselves  not  seen. 

During  the  reworking  process,  some  of  the  sediment  is  resuspended 
and  becomes  subject  to  downhill  transport  in  that  state.  In  a few 
cases,  Alvin  divers  actually  observed  clouds  of  very  fine  suspended 
material  lying  immediately  above  the  bottom  and  travelling  very  slowly 
down  gentle  slopes.  Thus,  the  finer  sediment  fractions  are  carried 
in  suspension  by  gravity  for  short  distances  before  being  redeposited 
at  slightly  greater  depths.  The  grain-size  data  tend  to  support  this 
model,  which  would  likely  result  in  differential  redeposition,  with 
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(about  022°)  trend  of  the  axis  (Keller  ct  al.,  1975).  On  a regional 
scale,  the  expected  result  might  be  a thickening  of  sediments  along 
this  trend  or  higher  concentrations  of  the  finer  sediments  carried 
by  the  currents.  Indeed,  just  beyond  the  ends  of  the  rift  valley, 
large  sediment  ponds  have  formed  in  the  deeps  at  the  junctures  of 
rift  valley  segments  and  transforms  (Tj .H.  van  Andel,  personal  com- 
munication) . 

No  such  patterns  are  observed  inside  the  valley,  for  several 
possible  reasons,  including:  l)unidirectional  flow  to  the  northeast 
is  observed  only  in  the  axial  zone  of  the  valley,  whereas  the  flow 
consistently  reverses  along  valley  margins,  under  the  influence  of 
the  semi-diurnal  tides  (Keller  et  al.,  1975);  2) in  the  area  of  uni- 
directional flow,  transport  of  sediments  by  currents  is  superimposed 
on  the  dominant  trend  of  downslope  movement  discussed  above,  which 
apparently  dictates  regional  distributions;  3) the  irregular  topo- 
graphy on  the  smallest  scales  results  in  numerous  closed  basins. 

On  the  basis  of  observations  from  Alvin,  however,  there  is  ample 
evidence  that  bottom  currents  have  a significant  local  effect  on 
sediment  transport.  On  many  dives,  observers  noted  ripple  marks, 
generally  about  2 to  5 cm  high,  with  wavelengths  of  about  5 to  8 cm 
(Ballard  and  Moore,  1977,  p.  61).  There  was  no  consistent  orienta- 
tion to  these  lineations  throughout  the  rift  valley,  probably  because 
of  the  effects  of  extreme  topographic  variability  on  local  current 
direction.  Observers  also  noted  that  ripples  appear  to  be  quickly 
obliterated  by  bioturbation,  and  so  are  transient  phenomena  whose  ab- 


sence does  not  necessarily  indicate  all  absence  of  current  activity. 
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Mt)ro  direct  evidence  for  bottom  enrrents  w;is  ('.lenned  from  tlie 
dives,  with  AIvIji'b  current  meters  rey.lsterlnp  occasional  speeds  of 
several  cm/sec.  In  addition,  clouds  of  suspcMuled  sediment  (some- 
times gener.nted  by  an  Alvin  touchdown)  were  often  s»>en  movlnp,  past 
the  submersible  while  It  was  stationary. 

On  the  sm.allest  scale,  currents  have  the  most  marked  effect, 
frequently  scourlnp,  small  t roup,hs  besliie  Individual  b.isalt  plllt>ws. 

On  one  dive,  observers  noteil  depressions  of  this  sort  up  to  30  cm 
deep  around  pillows. 

Relatiojis  to  rift  axis 

One  additional  trend  In  st'diment  si?.e  distribution  is  .i  pro- 
gressive dt'cre.ise  In  average  grain  sijn'  toward  the  rift  axis.  Wtuni 
data  points  are  grouped  acconling  to  distance  from  the  volc.tnlc  axis, 
there  is  a distinct  pattern  (T.ible  11).  In  1 IglU  iil  possible  .associ- 
ations with  depth  changes,  proj«'cfed  s.ind  pi'ti'ent  .ages  were  c.il  cul.it  ed 
from  the  linear  regression  function  pri'si'nteii  alnwe,  using  .avi'i.ige 
depths  of  each  group  as  the  i luU'pi'udent  vari.able.  The  lesults  stii'ugly 
Indicate  that  the  observed  trend  Is  solely  a functli'u  of  dej'th 
(Table  II). 

Grain  size  modes 

A more  detailed  tt'Xtural  analysis  of  the  sedlim-nts  was  undei  taken 
in  the  hope  of  further  ill  f f I'ti'u  t 1 .a  t i ng  .imong  distliu't  grain  sir.e  cat- 


egories. Following  the  methods  discussed  in  detail  by  v.in  Andel 
(1973),  size  frequency  curves  of  s.tnd  .and  silt  ftacflc>ns  of  all  s.am- 
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Grain-size  distribution  in  relation  to  rift  axis. 


Location  of  points 

Avg. 

Depth 

Sand 

Avg.  Z 
Silt 

Clay 

Predicted 
% Sand 

outside  rift  valley 

2335  ra 

46 

18 

36 

48 

Inside  rift  valley 

>250  m from  rift 

2655  m 

36 

20 

44 

32 

■<250  m from  rift 

26A5  m 

28 

22 

50 

32 

virtually  on  axis 
(outside  dive  area) 

3063  m 

10 

27 

63 

11 
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pli-s  wirt‘  aiKi  1 yzfil  uKlnj',  a Diil'ont  310  ciirvf  n-solvt-r  at  Oj cf'/'ii  StaU' 

Unlvt-rsl  ty . Tlu*  curve  nsolver  permits  the  breakdown  of  the  orljtlnal 
size  frequency  distribution  of  a sample  into  mod*-s,  spi'clfylng  their  * ' 

height,  width,  and  position.  The  technique  can  be  useful  if  major 
modes  appear  consistently  in  enough  samples  to  determine  patterns 
of  dist r ibvit  ion  for  an  area. 

Kor  the  s.ind  fraction,  five  possible  modt-s  were  recognized: 

A — bri>ad,  minor  mode  centered  at  about  1.0  phi 

j; 

B --  distinct  mode  between  1.8  and  2.4  phi 
C — less  well-defined  mode  from  2 . _S  to  3.4  phi 
D — distinct,  n.irrow  peak  from  3.4  to  3.8  phi 
E — major  mode  from  3.8  to  4.2  phi 


Vdien  percentages  of  .troa  under  the  freqviency  curve  are  mapped  fJ 

for  e.ich  of  those  moiies,  the  patterns  are  not  very  revealing  (Fig.  b) 

Mode  B appears  to  be  concent  r. it  ed  in  the  e.istern  half  of  the  rift  p' 

valley,  while  Mode  0 is  found  prinvirily  in  one  restricted  area  ne.ir 
the  west  wall.  Modes  A,  C,  and  E are  distributed  irregularly  through- 
out the  valley,  with  no  app.irent  relation  to  titpography. 

Wlu'n  samples  within  the  rift  valley  are  comp.ired  to  those  out- 
I side,  some  rift  vallt'y  samples  have  a large  contribution  from  Mode  A, 

a mode  virtually  .-ibsent  outside  the  rift  valley,  at  both  greater  and 
lesser  depths.  It  might  be  expected  that  this  coarsest  mode  is  com- 
i posed  of  the  larger  volcanic.il  ly-der  ivt'd  fr.igments  of  ;ish  and  glass 

I 

associated  with  the  rift  axis,  but  its  liist  r ibut  ion  within  the  v.tlley 
does  not  support  this  idea  (Fig.  b) . On  the  other  hand,  a visual 

i 

\ inspection  of  the  s.imples  near  the  valley  m.irgins  in  which  this  coarse 
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Figure  6.  Distribution  of  sand  modes  A through  E on  inner  rift  valley 
floor.  Contours  mark  the  percent  of  the  sand  fraction 
represented  by  each  mode.  Dashed  line  shows  position  of 
rift  axis. 
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iiLittri.ll  is  thf  ilomln.int  nu'iU-  t i-vim  li-il  .i  tily.li  loiu  iiit  i .it  Inn  ot  tiny 
I'.is.iVt  t v.»);«u>nt  s . pvob.tbly  bii'kon  ntt  from  t.ilns  pil.-s  lu-.ii  tin-  w.i  1 1 s . 
It  Sfi-ms  liki-ly,  thon,  that  Modo  A actii.illy  compi  Ist-s  two  nnrolatod 
classt'.s  ot  nutorial:  volcanio  ash  (I'oinont  r.itod  in-ar  Nt  . Voiuis) 
and  tint-  b.isalt  inbbU-  (tound  prinurilv  at  the  b.ist-  ot  th«-  ,st«'op 
wt-st  w.i  1 1 ) . rho  tinor  nu'dos,  on  tin-  tUhor  h.ind,  ato  iiuiinlv  oi>mi'osod 
ot  sm.il  1 iinliviiln.ils  or  t t .ii;iiH-nt  s ot  t ot  .unini  for.i  spooios  m.iKinp,  nj' 
oiLiisi-r  mo  lit- s. 

Tht-  silt  Ir.totiini  ointt.iins,  in  most  s.-implos,  two  basic  sijc 
compi'iu-nt  s:  a m.ijor  peak  centered  around  7.3  phi  .ind  a bro.ul,  minor 
"mv'de"  .tii'nnd  S . 3 phi.  The  ratio  ot  the  areas  nndei  the  two  peaks 
1 1 1 nt-/ci'.i  rse ) appt-.irs  to  ht-  depeuiient  to  .some  dt-i-.n-i-  t'n  vh-pth.  Kor 
tht-  t-ntlrt-  K.-VMOl'S  .iit-.i,  tht-  correl.ttion  coetlicit-nt  tor  tit-pth  vs. 
this  r.itit’  is  K • 0.53.  (For  K.-\MOOS-art-.»  s.implt-s  t-ntsitie  tin-  rltt 
v.tllev,  pins  iMte  .tver.tvte  v.ilvn-  tt'r  inside  the  vallt-v,  K ••  0.7^1. 

This  means  th.tt  the  tint-i  ctniipinit-nt  is  tt'im.l  pi  e t t-i  en  t i .i  1 I v .it  pit-. iter 
depths,  .ind  th;it  tin-  comptnn-nts  iM  tin-  silt  tr.u'tion  tolK'w  the  .i  1 - 
it-.idy -es  t .lb  l i shed  iepii>n.il  p.ittt-rns  et  st-.liment  li  i st  i ihnt  ion  . Within 
the  lilt  v.illey,  R “ -(1.31,  but,  .is  w.is  vb-mt'nst  i .it  t-d  t-.ivliev,  the 
s.imple  sp.icinp  m.iy  le.id  to  misle.niinp  t'onc  1 ns  i I'lis  .iht'ut  snvi  1 1 -sc.i  1 1- 
processt-s . 

In  snmm.iiy,  then,  while  a detailed  textnr.il  an.ilysis  yields  a 
few  int  t-it-st  inp  ohserv.it  ions , it  is  pitilsiMy  not  well-snited  to  this 
it-plon,  which  is  vt-ry  il  i f f t-it-nt  frt'in  tin-  m.iipin.il  h.isins  wln-re  it  has 
ht-t-n  snccessfnlly  t-mployt-d  in  the  p.ist  (v.in  .Andt-l,  l‘>73;  Thlt-ilt-,  1‘177>. 
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C^C•OJ  I'ONlKNr  OK  SKDIMINIS 


rht'  C aCOj  routt'nt  ot  t lif  st'd  imont  s was  oxaniliu'd  at  I hf  sann* 
throe  scal«*s  as  jtraln-siro  patterns  to  determine  anv  rejtli'nal  t tends. 
Within  the  rift  valK'v,  no  eoi  re  lat  tons  w«'re  evident  betwe«-n  CaCO^ 
eontent  and  deptii,  distance  from  the  tift  axis,  grain  si/e,  or  deptii 
in  tlte  ciwe  np  to  1 m.  Knr  t liei  more , in  t Ite  entire  FAMOUS  area, 

Cat'Oj  cvnitent  is  faiily  constant  (atonnd  vS0-8.S%),  witii  a slight  de- 
crease ito  70-7S*)  below  1000  m.  Tht'  samples  from  the  rilt  valley, 
which  are  .it  .in  int  eniu'd  i.it  e vii'pth  ti'i  i ht'  are.i,  .iie  as  a group  .inora- 
alonslv  low  In  OaCO^,  .iver.iging  .ibont  1 lower  than  tlu*  otht'r  sed- 
iments in  th«'  FAMOUS  .iie.i  iFig.  7).  Fin.illv.  in  the  e.istern  North 
Atl.intic  I'ores,  OaCO  ^ Cv'nt»‘nt  .ivt'i  .igt's  .ibont  S0-SS»  vi.'wn  to  .ibi'nt 
•iftOO  m.  Below  this  depth,  v. lines  decre.ise  sh.irply,  to  ne.ir  /t-ro  be- 
low S400  m. 

riu-  klecie.ising  v. lines  in  tin'  dei'per  seillments  .ir»'  t'xpi'cted,  bi'- 
c.inse  the  iH'M  in  the  k'entt.il  .\tl.intii'  lii'S  ne.ir  ‘'000  m U'<'rgi'r  .in.i 
vi'n  K.id,  1'1771.  In  the  int  «'rm«'d  i.it  e-kiept  h litt  v.ilU'V  s.implt-s,  how- 
ever, the  Ik'w  I'.il'O  j k'k'ntk'nt  is  I'bvik'nsly  lu't  .i  ifsnlt  k'f  .ipj'ik'. idling 
the  I’t’U.  The  tw.'  nu'st  likely  expl.'in.it  ik’iis  .ire  1 1 .u-ce  le  r.i  t ed  dis- 
Sk’lntik’n  k'f  c.i  1 c.i ik'k'ns  matt'rial  .is  .i  fk'snlt  k't  khemic.il  ch.ingk'S  in- 
duced by  Vk'lc.inic  .ictivity,  k'f  Jlphvsical  kiilntik'n  ot  calcata'k'ns 
sediments  by  non-c.i  I c.irek’iis  Vk'lc.inic  Ck'mpk'iik'nt  s . 

The  titst  k'xi'l.in.it  ik'ii  imi'lit's  th.it  t hi-  .idditik'n  k'f  Vk'lc.inic  g.ises 
Wk'iild  k'h.inge  the  .ilk.ilinity  ot  tin-  w.iter,  and  dissi'lve  nik're  C.it'Oj. 
Tliete  is  no  snppk'i  t ing  evikti'iu  e tk'r  this,  .ind  th«’  co.irs«'r  sokliment 
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Figure  7.  Relation  of  CatXlj  eontent  to  ilepth.  Note  anoraalously  low 
values  for  inner  rift  valley  seiliiiients  (R)  , when  compared 
to  other  F.-VMOUS  area  samples  (X). 


fractions  sliow  no  sij'.iis  of  dissolntion.  Tills  snj’.j'.ests  tliat  in- 
cri-asi-d  dissol  nt  ion , If  It  occurs,  docs  not  play  a major  roll-. 

Tlie  dilution  of  calcari-ons  si-dlnicnts  by  volr.inic  debris  is 
easily  confirmed  by  examining  the  coarse  fraction.  All  sediments 
studied  from  the  rift  valley  contain  some  volcanic  material,  prin- 
cipally large  fragments  of  ash.  However,  substantially  higher  con- 
centrations of  volcanic  debris  in  tlie  sand  fraction,  observed  in  tlie 
vicinity  of  the  rift  axis,  are  not  in  conjunction  witii  low  CaCO^ 
va lues. 

Possibly,  a substantial  amount  of  the  volcanically-derived  nvi  t - 
crial  is  clay-sized  and  cannot  be  detected  visually.  If  this  were 
true,  one  would  expect  that  rift  valley  sediments  would  have  a 
larger  clay-size  fraction  than  sediments  outside  the  area  at  com- 
parable depths.  The  calculated  average  values  for  the  clay-size 
fraction  are  46%  for  sediments  inside  the  rift  valley,  and  36%  for 
sediments  in  the  same  depth  range  away  from  the  rift  valley.  .'^inci- 
the  two  regions  are  presumably  receiv-ing  similar  pelagic  influx,  and 
topographic  effects  are  minimized,  the  10%  difference  may  represent 
volcanic  material  produced  inside  the  rift  valley.  This  increase  in 
non-cal careous  sediment,  which  is  fine  enough  to  be  transported 
throughout  the  valley,  could  easily  account  for  the  lower  CaCO^  v.ilue 
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HKNTHIC  FORAMINIKKRA 

The  use  of  benthic  foraminifera  in  local  environmental  studies 
is  usually  confined  to  continental  margins.  For  these  areas,  depth, 
temperature,  and  salinity  relations  are  clearly  established.  In  the 
deep  ocean,  benthic  f oraminif eral  assemblages  tend  to  be  obscured 
in  planktonic-rich  sediments,  and  are  therefore  more  difficult  to 
study . 

The  sediments  from  the  FAMOUS  area  present  a unique  opportunity 
to  examine  faunal  distributions  on  a small  scale.  Representative 
benthic  f oraminiferal  populations  were  extracted  from  the  largely 
planktonic  assemblages,  in  an  effort  to  examine  distributions  in  an 
area  which  is  dramatically  different  from  most  of  the  ocean  floor. 
Samples  were  selected  from  a traverse  across  the  FAMOUS  region,  in 
order  to  determine  how  local  variations  reflect  an  environment  which 
is  geologically  active,  and  thus  highly  changeable  over  both  short 
times  and  short  distances. 

With  pelagic  sediments  accumulating  at  a rate  approximating 
3 cm/10^  yr  (Nozaki  et  al.,  1977)  and  extensive  and  constant  bio- 
turbation,  the  benthic  f oraminiferal  populations  are  highly  diluted 
by  planktonic  material.  In  addition,  admixing  of  older  assemblages 
up  into  younger  by  organisms  is  fairly  complete  for  the  upper  few 
centimeters  of  sediment  (Berger  and  }ieath,  1968).  A time-dependent 
mixing  model  predicts  a mixing  rate,  D,  of  10^-10^  cm^/lO^  yr  for 
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surficial  deep-sea  sediments  (C.uinasso  and  Schink,  1975). 
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ifil  l oic  ill  t Ilf  rllt  v.illfy  slii'w>'il 

an  8-fiii-i)f f p iiiixfil  layiT  with  lUMily  ci'iistaiit  ilatfs  c'f  ?400  yr. 

2 3 

riu-  mixing  ratf  was  caUnlateci  to  bo  189  ora  /lO  yr.  A iifarby  foro 
which  had  boon  physically  liisriiptod  had  an  ap.c  range  from  13,000  yr 
at  the  top  to  about  18,000  yr  at  l.S-17  cm  di-pth  (Nozakl  I't  al  . , 1477). 
Clearly,  then,  tin-  samples  vised  for  the  i>resent  study  cont.iin  mixed 
assemblag.es  ri'flecting  several  thousand  years  of  histoiy.  Unless 
then'  h.'ive  hv't'ii  significant  shifts  in  env  i rvuiiiient  (for  exaini'le,  in- 
creaseil  episodes  cif  volcanlsm),  lor  which  llu're  Is  no  v'vidv'nce,  this 
uncertainty  appears  unimportant. 

Ten  .samples  were  .selected  for  vie  t erm  in  1 ng  t'enthic  f orami  n i f I'ra  1 
i'l'pnlat  ions:  six  from  the  floor  of  the  inner  rift  valley  (Kig.  8), 
two  from  .areas  along  adj.acent  fractnre  zimes  sh.illower  tlian  the  rift, 
.and  two  in  tlu'  iractvire  zones  in  watet  ileepv'r  than  the  rift  v.illey 
(Fig.  9).  In  .all  c.ases,  t lie  fractlim  Larger  than  3 micrv'ns  w.is  ex- 
.iminevl,  except  for  staticni  31-118,  where  a .sand  fr.action  l.ue.v'i  th.in 
ls4  microns  was  availaf'le.  because  most  spi'ciments  v'bserved  in  .ill 
samples  wv-re  in  the  range  l.irger  th.in  144  mleriins  anyw.av,  thi;;  viis- 
crepaney  should  h.ave  little  effect  on  results. 

The  seiliments  are  composeii  Largely  of  I'l.mktonic  f o i .imi  n i t e i a ; 
the  bv'nthic  populations  g.eiu'r.ally  comprisv'  less  than  IZ.  In  .a  study 
where  hundreds  of  fvir.tm  i n f f era  might  be  examineif  witlunit  yielding  .a 
single  benthic  iinli  vidu.al , .a  strictly  ipKint  i t at  ive  apiui’ach  w.is  deemed 
Impractical.  For  v'.ach  s.ampL',  appri'x  imat  ely  1200  (i  200)  f vu  am  i n i f im  a 
were  lookevl  at,  and  all  specimens  v'f  benthic  speclv's  were  t I'liu'ved ; 
gt'uer.ally  cnily  20-30  benthic  si'ecimens  wet v fv'und  in  e.ach  s.imple. 
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Figure  8.  Position  of  rift  valley  samples  used  in  benthic  foraminifera 
study.  Field  numbers  are:  1)529-2/3,  2)519-1,  3)529-4, 
4)529-5,  5)518-1,  6)526-4. 
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Figure  9 


. Position  of  samples  associated  with  Fracture  Zones  A and  B 
used  in  foramlnifera  study. 
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Tht'se  wiTi-  Idi-iitlflfd  to  ^iniit:  or  !ij>i'cli-s  lovol  with  tho  lu  lp 
of  Bandy  and  Rodolfo  (1964),  Barkor  (i960),  Cushman  (1931),  Douj’Jas 
(1973),  Parker  (1964),  and  J.C.  Ingle  (personal  communication). 

Tlie  results  are  somewhat  limited  hecanse;  Dsotne  samples  are 
so  small  (e.g.,  529-2/3)  as  to  yield  a minute  benthic  population,  which 
cannot  adequately  represent  numbers  or  diversity;  2)even  in  larger 
samples,  benthic  populations  tend  to  he  very  small  and  erratically 
distributed  within  the  sample;  3)blases  result  from  differences  in 
mean  grain  size  due  to  selective  transport.  The  samples  with  the 
coarsest  sand  fractions  yielded  the  highest  abundance  and  diversity, 
partly  because  benthic  f oriirainif era  tend  to  be  among  the  larger  indi- 
viduals in  a dominantly  planktonic  assemblage,  and  partly  because 
larger  foraminifera  are  much  easier  to  sort  and  recognize.  The  genera 
observed,  however,  tend  to  overlap  convincingly  in  all  samples,  ir- 
respective of  grain  size,  suggesting  tliat  size  may  be  of  minimal 
importance  . 

Civen  these  limitations,  the  data  show  some  surprisingly  strik- 
ing patterns  in  types  and  numbers  of  genera  present.  Brief  station 
summaries  may  be  found  in  the  Appendix. 

TItere  arc  some  general  differences  among  the  benthic  foramin- 
iferal  .issj'mbl ages  of  each  of  the  throe  m.ajor  provinc*'s  examined 
(Table  HI).  One  striking  fact  is  the  predominance  of  rianvnina 
w\iel lerstorf i (Schwager)  in  samples  taken  from  the  shallower  areas 
of  the  fractvire  zones.  At  station  532-5,  this  one  species  comprises 
nearly  half  of  all  benthics  found,  while  at  station  31-118,  where  there 
is  considerably  higher  liivf'rsity,  it  still  comprises  over  20%  of  the 
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TAHLK  I 1 1 


Sumiiuiry  nf  bi'iiHiic  forainlnl  f era  fcuiiul  in  samplts  from  FAMOUS  aroa. 
Samples  arranged  by  increasing  depth  to  the  right.  Numbers  represj-nt 
Individuals  counted. 
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IVircelaneous  forms  to 

I'yrgo  1 

Quinquelocul ina  1 

Spirol ocul ina  1 

Sigraoi lopsis 
Tri locul ina 

Broken/unidentified  2 


Calcareous  Ijyjnine  forms 
Bolivina  sp.  A 
Bulimina  Inf  lata  aff. 
Cassidulina  subglobosa  quadrata 
Cibicides  sp. 

C i b i c i do  i tl es  k u 1 1 e nbe r g i 
Ehrenberglna  pacifica  aff. 


Fissurina  1 

Gyroidina  sp.  A 2 

Gyroidina  sp.  B 1 

Gyroidina  sp.  C 

Hoeglundina  elegans 

Laticarinina  pauperata 

Melonis  poinpl  ioiiles  1 

Nodosa ria  anti  Ilea  1 

Oolina  sp . A and  B 

Planulina  wuellerstorf i 11 


Planulina  aff.  sp. 

Pullenla  subcarinata 
Rvipertia  stabllis 
Spi ri 1 1 ina 

Uvigorina  2 

Other  1 

Agg^lut  Inated  forms 
Ammod  i acvts 
Iki  thysl  phon 
Karreriella  bradyi 
Textularia  abbreviata  aff. 

Ot  her 
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assfiiiM.ij'.t' . NuiiituTs  i>l  n.iiuil  iii.i  thi>|>  i>f  1 sli.iiply  In  both  rltt 
vallny  aiul  tU-npi-r  tiaitnn'  rmu-  nplons,  Init  still  aimniiU  to  1 Ot  ol 
a y,ivon  assomblago.  Tills  docllm’  mly.hi  bo  a function  of  a paramotor 
varying;  directly  with  depth  (e.p,.,  temperature,  pri'ssure,  mitrlentsl, 
with  optim.ll  conditions  perh.ips  pe.ikins  around  2000  m.  Alternately, 
as  ra.iy  be  the  case  with  some  of  thesi-  s.imples,  the  illfferenct'  could 
be  a local  effect,  for  ex.imple,  .i  t empt'r.i  t ure  anomaly. 

The  abundance  of  Planulina  in  the  shallow  fracture  ?one  .sedi- 
ments is  coupled  with  rel.it  Ively  low  pei  centap.es  of  porcel.ineous 
and  aj;>tlut  inated  foraminifera  (T.ible  IV).  Agglutinated  forarainifera 
in  p.irt  icular  might  be  expected  to  increase  in  relative  abund.ince 
with  increasing  depth  as  dissolution  incri'ases.  Kelow  2000  m,  how- 
ever, no  such  tri’iid  is  apparent;  the  perciMitages  o.scillate  widely  around 
the  10!i  level.  .‘^imil.ir  results  were  reported  from  the  Tern-Chile 
trencli,  where  R.indy  and  Kodolfo  (I'lba)  noted  that,  while  calc.iit'ous 
forms  cle.irly  pri'domin.iti’d  liown  to  2000  m,  c.i  1 c.ireous-aren.iceons 
ratios  fluctuated  wildly  .it  g.iiMter  depths.  Kven  at  3000  m.  the  sed- 
iments in  the  FAMOUS  are.i  .ire  su  1 i i c i«'nt  1 y .ibove  the  CCO  to  minimize 
the  effects  of  I'issiilut  ion.  This  is  cot  robor.it  ed  by  the  I'bset  v.it  ion 
that  the  non-agglut inated  benthic  foramiul fer.i  present  are  fresh  and 
lustrous  even  in  the  deepest  sediments. 

Perhaps  the  most  intriguing  trends  are  presentt'd  by  sm.iller  scale 
patterns  and  .inom.ilies  eviiienced  by  the  d.it.i.  The  two  most  striking 
are  tlie  miliolid  distribution  within  the  rift  v.illey  .ind  concentrations 
of  Rupert  ia  stabili^  (W.illich)  at  the  Fracture  Zone  A site  (31-118). 


TABLE  IV 


Relative  percentages  of  porcelaneous , calcareous  hyaline,  and 
agglutinated  foraminifera . 


Sample 

Depth 

Total  // 

%Porc 

532-5 

2061  m 

25 

20 

31-118 

2090  m 

58 

2A 

526-A 

2585  m 

29 

3A 

529-A 

26A9  m 

19 

53 

518-1 

2690  m 

30 

43 

529-5 

2697  m 

2A 

46 

519-1 

2705  m 

36 

50 

529-2/3 

2705  m 

9 

44 

31-52 

2878  m 

30 

33 

31-12A 

298A  m 

23 

48 

%Calc. 

%Aggl . 

80 

0 1 

72 

3 I 

59 

•i 

26 

21 

i 

53 

42 

13  M 

44 

6 i 

23 

33  ^ 

53 

13 

48 

4 1 
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Within  the  t ilt  v.illi-v,  thne  !.■;  .1  ele.ir  iel.it  li'ii*;hii>  hetweiii 
rel.itlve  piTcent  .ij’.es  ot  pet  ee  1 .ineons  1 ot  .imlnl  f eva  anil  ilistanee  1 1 on 
the  rift  axis  (Kig.  10,  top);  mimher.s  pe.ik  near  t h«-  rift  and  fall  off 
to  either  side.  It  is  not  knov.ni  vhat  process  controls  this  .issoci.i- 
tion  with  proximity  to  a volcanic  .ixis. 

The  more  int  I'lesi  ing  aspect  of  this  trend  is  the  ch.ingi’  in 
Sjiirolocnl  ii^  .ihmui.ince.  This  gemrs  appe.irs  in  I'nlv  three  ot  the 
rift  valley  s.iraples,  hut  in  greatly  differing  proportions  fKig.  10, 
bottom).  At  the  stat  ioti  ne.irest  the  rift  .ixis  fproh.ihlv  within  ti-ns 
of  meters,  the  limits  ol  n.iv  ig.it  iona  1 resolution!,  Sp  i rolocul  ina  .ic- 
counts  for  3d«,  of  the  total  ass.imbl.ige  and  b7!»  ot  .ill  porce  l.ineous 
forms.  In  the  second  closest  st.it  ion,  the  genus  makes  up  .’7"»  of  the 
total  and  40“  of  por cel .ineous  toinns,  .ind  at  the  third  site  it  com- 
prises I 1*  of  the  tof.il  .ind  27*  of  porcelaneous  t orms . beyond  .ihout 
300  m t rom  the  rift  axi.s,  no  turther  inst.iiu'os  of  Spi  rolocul  in.i  were 
noted  in  this  set  of  s.imples,  .il  though  one  specimen  w.is  reci'veii’d 
from  sample  ')32-‘>. 

This  pu/.r.ling  distribution  is  .i  more  dr.im.ific  ex.imple  of  the  type 
of  p.ittern  displayed  by  porce  l.nieous  fv'r.imin  i f er.i  as  .1  group.  Spltv- 
loculiiia  m.iy  be  p.ir  t i cul  ar  ly  sensitive  to  v.iri.itions  in  temperature, 
pH,  concentrations  of  certain  g.ises  ie.g.,  l'0>),  substr.ite  composi- 
tion, or  .any  other  combin.it  ion  of  f.ictors  wliich  could  be  associated 
with  volcanic  pivicesses.  Vuitlu-r  work  is  needed  to  iletermine  a more 
precise  iHstribution  of  Sp i i ol ocu 1 iiw,  both  in  relation  to  the  rift 
zone  and  to  subtle  vari.it  ii'iis  in  physical  p.ir.imet  ers . 


rift  axis.  Vertical  axis  shows  percent  porcelaneous 
individuals  in  the  benthic  assemblage.  Horizontal: 
sample  position  along  traverse  of  Figure  8. 


Bottom:  Distribution  of  Spirolocullna  acrosss  rift  axis. 
Vertical  axis  shows  percent  of  this  genus  in  the 
porcelaneous  assemblage. 
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A sfci'ini  iH'l.ibli'  ;im>ni.ily  is  thi'  occur  rt-iicf  of  Rupc  r t 1 a stnbili^: 
al  site  31-118,  aloiip.  Kracturi'  Zone  A.  Altlioupli  absent  in  all  other 
samples,  Rupert ia  accounts  for  fully  1A%  of  the  benthic  foraminifera 
at  this  one  station.  Rupert ia  is  an  uncommon  attached  form  which  Is 
most  often  i-ncountr'ied  in  relatively  warm,  hiphly  productive  waters 
near  continental  marp.ins  (.I.C.  In^le  and  Tj.H.  van  Andel,  personal 
communication).  One  hypothesis  which  could  relate  this  type  of  en- 
vironment to  the  site  at  which  .Ru|^ert_i<r  was  found  is  the  possible 
presence  of  hydrothermal  vents  with  associated  abundant  fauna,  as 
observed  on  the  Galapagos  rift  (Corliss  et  al . , 197d).  Such  vents 
create  local  effects  of  anomalously  warm  water  and  high  productivity 
which  might  favor  the  proliferation  of  Rupertia.  In  addition,  it 
could  help  explain  the  relatively  high  diversity  of  betithic  forarain- 
I ifera  at  this  site,  which  is  the  highest  of  all  locations  sampled. 

I Water  temperature  profiles  taken  in  the  FAMOUS  area  indicate  that 

j the  entire  rift  valley  has  bottom  water  temperatures  about  1^’  C above 

: nornuil  for  that  depth,  and  that  there  are  also  variations  along  the 


fracture  zones.  Temperatures  observed  below  2200  m increase  from 
3.53^  C in  the  western  part  of  Fracture  Zone  B to  3 . 80^^  C in  the 
eastern  part  of  Fracture  Zone  A,  which  is  close  to  station  31-118 
(Fehn  et  al.,  1977).  Although  these  temperature  anomalies  can  be 
largely  explained  by  hydrodynamic  effects,  the  same  study  admits  the 
possibility  that  hydrothermal  plumes  may  cause  local  anomalies. 

The  results  of  a heat  flow  study  strongly  indicate  the  presence 
of  a hydrothermal  circulation  system  in  the  Fracture  Zone  A area 


(WI 1 1 l.ims  ft  al  . , 1977)  . 
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Iwo  litaclivf  hydro tluTmal  vonts  observed 
in  the  rt^^’lon  <iri*  ht*l  li*ved  lo  have  been  ;ic’t  ive  Iti  the  very  reei'iit 
past  (Arcyaiiti,  1975)  - Although  tlie  t*vidt*nc'e  is  inconclusive , the 
presence  of  Rupert ia  tends  to  further  support  a hydrothermal  circu- 
lation niodt*l  for  fr;icture  Zone  A,  pertiaps  including  active  vents  that 
have  not  yet  been  discovereil. 

A great  deal  more  work  is  retpiired  before  clear  associations  can 
be  drawn  bt'twt'en  local  bentliic  populations  iind  subtle  environmental 
variations.  Wl^at  tlte  results  of  the  present  study  do  demonstrate  is 
the  surprising  variability  of  bentliic  foraminiferal  assemblages  over 
a very  small  portion  of  the  him  floor. 


iX'Ni  l.llS  IONS 


1.  St'il  iiiu'ul  rovi-r  du  t lit-  f Imn  ol  tlu-  iuiici  lilt  v.illcv  is  iiuij'.l'lv 
ii  tinu'tiiMi  ot  i>l  t Ilf  luulfilyins  iiiist  .tiul  icllfvls  .isviimu’tiif 

s|>i  c.ul  i iij; . Tills  i>,illi'iii  Is  iiio.l  i I i fil  t'V  I filt'iui.s  I t inn  ol  sml  i iiifii  I s in 
t -iph  i i-  ili'i'i  fss  ions  ml  i.ui'iit  to  voK-.inii'  liij'.hs. 

1’.  lli.iin  si:/!'  is  liij'.litv  I'o  i l o 1 .i  t nl  with  iloptli  ovol  tho  wholo 
KAMl'US  ai'oa.  I'tu'  lolation  oaii  hr  lirsriihril  hy  a siiiiplr  liiirat  I iiiU'- 
tion,  with  )' 1 1'pi  I’ss  i vr  I V I iiiri  snlimriits  toiiiul  .it  y.ir.itri  ilrpth. 

i.  rstriisivr  h lot  III  h. It  ion,  lo.iiliiip  to  i os  ns  poiis  i on  ol  lino  iii.ilor- 
i.il  .nul  pontlr  r.i  .i\  i I v I i .inspoi  t , api'o.iis  to  ho  t ho  most  s i r.n  > ' i ‘'an  t 
long-toiiii  .ij'o'iit  ol  1 oilopos  i t ion . i'l'isoilir  i'Ivhossos,  surli  .is  slniiip- 
iii)’,,  .no  lioiiovo‘1  to  ho  loss  i iiipoi  t ,in  t to  ohsoivoil  pi.iiii  s i .'o  ilii.tiih- 
nt  i on  p.i  t 1 1'  I ns  . 

'i  . Althonr,li  liownliill  ti.inspoit  is  Known  to  orrni  .it  .ill  sr.ilos, 
it  is  olo.iily  shown  in  t ho  p.i  .i  in-s  i ;■«'  il.it.i  .it  only  tho  i ni  oi  nio.l  i .it  o 
ol  tho  thioo  sralos  stiuiioii.  In  p.i  i t i r ii  1 .ii  , tho  iol.it  ion  ol  s.implo 
sp.ioinp.  to  loliot  sialo  m.isKs  .iny  ovu  i «' 1 .i  t I ons  hotwoon  ilopth  .iiul  j'.i.iin 
sizo  within  tlu-  liinri  lilt  v.illoy,  ovon  lot  tho  sm.illost  sr.ilo  il.it.i 
so  t . 

S.  Tho  I'liiii.iiy  oitoot  !'t  v'viiionts  in  tho  innoi  litt  v.illov  Is 
loo.i  1 i .’Oil ; t hi'v  toiiii  iii.inv  ti.insiont  lipi'lo  .iinl  sooiii  lo.itiiios  .it  .i 
so.ilo  ol  a low  oont  iiiio  t 01  .s  . 
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6.  An  apparent  decrease  In  grain  size  with  Increasing  proximity 
to  the  rift  axis  is  found  to  be  a function  of  depth  alone. 

7.  Detailed  textural  analyses  of  rift  valley  sediments  do  not 
reveal  any  new  patterns.  The  five  inferred  sand  modes  are  irregularly 
distributed  and  probably  do  not  represent  distinct  sediment  compon- 
ents. A blmodal  silt  fraction  appears  to  follow  more  general  grain- 
size  trends. 

8.  CaCO^  content  is  anomalously  low  in  sediments  of  the  inner 
rift  valley,  when  compared  to  surrounding  sediments  of  comparable 
depth.  Dilution  of  calcareous  sediments  by  volcanically-derived 
components  is  probably  responsible  for  the  lower  values.  High  content 
of  clay-sized  material  in  rift  valley  sediments  suggests  that  much  of 
the  volcanic  material  may  be  very  fine-grained. 

9.  Benthic  foraminifera  populations  in  the  FAMOUS  area  are  sur- 
prisingly variable  over  very  short  distances.  Unusual  distributions 


of  porcelaneous  forms  appear  to  be  related  to  the  position  of  the 
volcanic  axis.  A highly  localized  concentration  of  Ruper tia  near 
Fracture  Zone  A may  possibly  reflect  recent  hydrothermal  activity 
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Al’PKNDlX:  KKNTHIC  FORAMINIKF.RA  STATION  SUMMAKIKS 


Station  532-5,  2061  m 
1 Pyrgo 

1 Qviinqviflociil  ina 

1 Spirolocul ina 

2 broken/iinident  i f iod  miliolids 


5 pori'o  1 aiu'ous  forms 


1 Fissiirina 

2 Gyroidinn  sp.  A (fat,  opaque  test,  sutures  Indistinct) 

1 Gyroidina  sp . B (less  robust,  transluscent  test,  sutures  distinct) 
1 Melonis  pomplloides  (Ficbtel  and  Moll) 

1 Nodosa ria  anti  Ilea  (Cuslunan) 

11  Planulina  wuel  lers tor f i (Schwager 
1 Ovigerina  peregrina  aff.  (Cushnun) 

1 Uvigerina  sp. 

1 unidentified  rotalid 


20  calcareous  hyaline  fornts 


0 aggltit  inated  forms 


25  total 


Sample  description: 

l.ocation:  Fracture  Zone  B 

Mean  grain  size:  medium  to  coarse  sand 

Notes;  little  to  no  volcanic  deluis,  vi-ry  clean,  mostly 

planktonic  foraminlfera  with  few  othi’r  forms  present. 


Si-Uii'ii  31-118,  ni 


4 ryrj;o 

1 Ti' i 1 ocii  1 Ina 

9 brokt'n/unldent  If  it'd  miliolids 


14  poroo  laiu'ous  toinis 


1 Rulimiiia  intlata  aff.  (Soyaion/.a) 

1 Cassivhillua  subj’ 1 obosa  (Rrady)  var.  qiiadrata  (Ciishntan  and  Hiij'du’s) 
t)  Cib  i c ido  i dt's  kill  li-iibi’rj’.i  (I’arkfr) 

1 KhmibiM  y.  ina  paiifica  aff.  (Ciislnii.>n) 

1 Cyroidfna  sp . A 

b Hooy.lnndi  na  t’l«'>;.ins  (d'Orbifpiy) 

2 Lat  ii-ar  ini na  p-uipi-rata  (Tarki-r  and  .Knu's) 

1 Moloni.';  poiiipl  ioidos  (KiolUt'l  and  Moll) 

13  rianulina  wm'l  lorstorf  i (Soliw.iju’r) 

1 Till  It'll ia  snbi'arinata  (ti’Orbipnv) 

S Ruport  ia  .'it.ibilis  (Wallioli) 

1 unitit'iit  i f it'd  rotalid 

42  t'a  1 f.i i t'ons  liv.ilint'  forni.s 


1 Hathysiplion 

1 un  itlt'ii  t i t i t'd  .1)’.}’,  1 lit  ina  t t'd 

2 ap,y,lut  in.it  t'vl  It'nns 

S8  tot.il 


.Raniplt'  tIt'Si- r i pt  ion : 

l.ofat  ion:  KiMotiiro  Zoiit'  A 

Ml-. in  t’.r.iin  Siro:  nu'diiiiti  to  t'o.irso  si.uul 

Nott's:  lit  tit'  to  no  volo.init-  dt-brl.'s;  vt'iy  olt'.in,  ino.';tly 

pi  .ink  t on  if  f oi  .imini  fora  with  ft'W  iitlior  foims  prosont 
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Station  37()-4,  2')8^  m 


4 Pyr^o 

2 Quinquolociil  Ina 
1 Slgtnol  lopsls 

3 brokon/uii itiiMi 1 1 f 1 t'd  inlliollds 


10  porct'laiioous  forms 

2 Cibiciiioi  Jos  Wul  lonborgi  (Parkor) 

3 Kissurina 

5 Hoegliindina  ologans  (d'Orbigny) 

1 Laticarlnina  pauporata  (Parkor  and  .Tonos) 
1 Oolina  sp.  A (transparont , oostato) 

1 Oolina  sp.  B (transparont,  nnornamon t od) 

4 Planulina  wiiollorstorf i (Soliwagor) 

17  calcaroous  byalino  forms 


1 Bathysipbon 

1 K;trroriolla  bradyi  (Cnslmian) 

2 agglntlnatod  forms 


29  total 


Samp 1 o do  sc  r i p t i on : 

Location:  rift  valloy,  d7.S  m I'ast  ot  axis 

Moan  grain  size:  modinm  sand 

Notes:  mostly  planktonic  f oram  i n i fora  with  somo  voli'anic  ash, 

Nn-coatod  fragmi-nts,  more  pi  <'ropc>ds  , t'cli  i nodot  m spittos, 
sponge  splctilos,  radii'laria,  etc. 
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Station  529-4,  2649  id 


2 Qulnqueloculina 
4 Spirolocul ina 

4 broken/unldentlf led  miliollds 


10  porcelaneous  forms 


1 Cibicides  sp . 

1 Fissurina 

1 Planulina  woellerstorf i (Schwager) 
1 Spirlllina 

1 Uvigerina  peregrina  aff.  (Cushman) 


5 calcareous  hyaline  forms 


1 Ammodiscus 

1 Bathysiphon 

2 Karreriella  bradyi  (Cushman) 


4 agglutinated  forms 


h 

' 

i' 


19  total 


Sample  description:  ■ 

M 

I < 

Location:  rift  valley,  100  m east  of  axis 

Mean  grain  size:  medium  sand 

Notes:  mostly  planktonic  forarainifera,  considerable  volcanic 

debris,  including  ash  and  glass  shards;  some  sponge  ' 

spicules,  radiolaria,  etc. 


r 


J 


. r - 


Station  318-1,  2690  m 


2 Pyrgo 

2 Quinqueloculina 
9 broken/unident  1 f led  mlllollds 

13  porcelaneous  foras 


1 Cibicidoides  kullenbergi  (Parker) 

2 Flssurina 

5 Hoeglundina  elegans  (d'Orbigny) 

3 Laticarinlna  pauperata  (Parker  and  Jones) 

2 Melonis  pomplioides  (Fichtel  and  Moll) 

3 Plannlina  wnellerstor f 1 (Scliwager) 

16  calcareous  hyaline  forms 


1 Ba thy siphon 
1 agglutinated  form 


30  total 


Sample  description: 

Location:  rift  valley,  550  m east  of  axis 

Mean  grain  size:  raedlura  sand 

Notes:  mostly  planktonic  f orami  ni  f era , with  conuiion  volcanic 

ash,  Mn-coated  fragments;  sponge  spicules. 
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Station  b2‘>-5,  2697  m 


2 Quimjiio  lociil  ina 

3 Spirolocullna 

6 brokon/unidont  1 f iod  nilliolids 
11  porco lanoous  forms 


1  Ciblcidoidos  kill  1 1’nbor j;i  (I’arkor) 

1 Fissiirina 

2 l.at  icar  inina  pauporata  (Pai  kor  and  doiu-s) 
1 Molonis  pomplioidos  (Kichtol  and  Moll) 

4  Planulina  wool lorstorf i (Sobwapor ) 

1 rianiilina  aff.  sp.  A 

10  calcaroiiiis  hvalino  forms 


2 Ba  t hysi  plion 

1 KLirriT  io  1 la  bradyi  (I'lishman) 


3  .ippl  11 1 i na  t od  tiMnis 


24  total 


Samplo  dosor ipt ion: 


l.ooatii’n:  litt  valli  v,  300  m oast  ot  axis 


Moan  plain  si/i-:  modium  sand 

Notos:  mostly  planktonic  fin  amini  fora  with  miioh  voloanio  .ish, 

plass  shard,  Mn-coatod  frapmonts,  plus  sponpt'  spioiilos. 


(.1 


St  at  ion  2 70S  m 


2 Quiiuiiifloi'iil  Ina 
12  Splrolociil  Ina 
4 hrokon/vin  idiMit  I f i od  nilllollds 


IS  po r 0 f 1 a n o o ns  f u ims 


1 Cyroidina  sp.  C (vory  siiu  1 1 , 1 1 aiisparoiit  tost) 
6 Hoop, limd  ilia  olopans  (d 'Orbipiiv) 

2 Laticarinina  paupovata  (Parkor  and  donos) 

I Molonis  poraplioidos  (Fiotuol  and  Noll) 

1 Planulina  aff.  sp.  A 

3 Planulina  wuol  lorstorf  i (Soliw.apor) 

2 Pullonia  subcarinala  (d'Orbipny) 

16  oaloaroous  tiyalino  forms 
1 Rathysiphon 

1 Karrorlolla  br.uiyi  (Cushman) 

2 applutinatod  forms 


36  total 


Samplo  lit'sor  ipt  ion; 

l.t'oation:  rift  valloy,  25  m wost  of  axis 

Moan  prain  sizo:  r.u’dium  sand 

Xotos:  planktonic  foraminifora  with  larpo  chunks  of  volcanic 

ash,  plass,  Mn-coati'd  frapnunts,  si'onpo  spiculo.s. 


Station  529-2/3.  2705  in 


]■ 


i 


1 

I 

<, 

7 

\ 


I 


3 Quinqiicloculina 
1 broken/iiniiientif  ied  miliolid 

A porcelani'ous  forms 

1  Bolivina  sp.  A (small,  costate) 

1 UviKerina  peregrina  aff.  (Cushnvin) 

2 calcareous  hyaline  forms 

3 Bathysiphon 

3 agglutinated  forms 

9 total 

Sample  description; 

Location;  rift  valley,  350  m vest  of  axis 
Mean  grain  size;  medium  sand 

N’otes;  very  small  sample,  many  large  pieces  of  volcanic  ash. 
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St.iliDH  jl-')2,  28/8  m 


2  i’yrj;o 

4 Qii  i 1 (X'li  1 1 i)<i 
4 bi  okr;i/iiii  1 di'ut  1 f i *'8  inillollils 

10  porcol  niu-mis  fi'i  ms 

1 Hi'livin.i  sp.  A 

2 Cilnc  iilo  iili's  kii  1 1 iMibi-rp,  i (I’iiiki-r) 

1 Fissur  iii.i  wifsiu'ri  (b.u  ki'r) 

1 Oyro  ill  i:i;i  sp.  8 

4 Iloi'p,  1 iiikI  ! n.'i  I' 1 1'j'.iDS  (il ' Orb  i p.ny ) ^ 

4 l.at  ic.u'iiiina  paiii'i'tata  (rarkoi  ami  Join's)  i 

3 riamiliiia  who  11  ois  t orf  i (Sobwap.or)  i 

16  oa  1 oarooiis  liyaliiu*  foiiiis 


4  Hat  by siphon 
4 ap,t’,l  nt  iiiai  oii  loims 


30  total 


Saiiipl  o ilosiT  i pi  i on  : 

I.ooai  ion:  I’raolnro  /.oiu'  H 

Moan  plain  s i zi- : 1 ino  to  mod  i nni  sand 

Nolos:  virinally  all  planklonio  I oram  i n i t ora  , oMiomoly  oloan, 

f roo  of  voloanio  dobris  and  I'lhor  oi  )’,.m  i sms . 


3 I’yr^io 

3 Qviimnu'lDciil  iiui 
3 bri'k»M\/im  lili'nt  1 1 It'll  mllioliilK 


11  I'OM'i' laiit'iuis  tuiins 

1 Ri'livina  sp.  A 

1 CM  h i i' iiio  i ill's  ku  1 1 t'nlu'i  p i (I’aiki'i) 

1 Clyri’ ill  i iia  sp  . H 
1 Cly  ri>  ill  i na  sp.  C' 

1 lIiH'j;!  mill  ina  i'lt'j;aus  (il ' Cirb  i ppiy ) 

2 l.a  t i car  i 111 na  paupcrata  (Tarki'i  aiul  Ji'iics)  t 

1 Molonis  pomiil  iciiilcs  (Vichtcl  aiul  Moll) 

2 riaiml  ina  who  I 1 o rs t oi  l’ i ( Schwapof  ) 

1 llvim'i  iiia  port')', i ilia  alt  . ((aishraaii)  C 

i 

11  calc.irooHs  hyaliiio  1 in  ms 

i> 

1 R.it  liys  i plum 

1 Ti'xtiilaiia  ahlnoviata  alt.  (il ' Oi  h ij'.ny  ) 

2 ap.p  lilt  i iia  t I'll  tonus 

23  total 


S.impli'  ili'scrii't  ion: 

1,01. It  ion:  I'r.ic  t ni  o /.oiio  R 

Moan  plain  si/o:  t ino  to  moilium  s.iiul 

Not  os  : 


viitn.illy  all  pl.inktonic  1 oi  am  i n i t oi  .i , oxtiomoly  clo.in, 
fiot'  lit  volc.inic  ilol'iis  .iiul  otlioi  oij'.auisms. 


